First we must decide in what way a respiratory cripple differs from any other patient in relation to being given an anaesthetic and what we mean by the term 'respiratory cripple'. I suppose a respiratory cripple is anyone who has bad chronic chest disease! But, in practice, we usually mean a patient with one or more of the conditions listed in Table 1 . Experience shows that it is patients with one or more of the first three of these conditions, which have the common feature of causing obstruction to the air-flow from the lungs, who are most liable to create anesthetic problems. Those patients without such obstruction rarely cause difficulty, even though they may have gross thoracic deformity. Definitions: If making the diagnoses given in Table 1 is to be useful to the anesthetist, we must be clear what we mean by the terms, so that specific functional change can be related to the diagnosis. The following are the definitions I shall use; they are simplified from those adopted in recent symposia (Ciba Foundation 1959 , American Thoracic Society 1962 :
Asthma: Air-flow obstruction, variable over short periods of time, usually being improved by bronchodilator drugs. Bronchitis: Excess secretion from the bronchial tree manifest as sputum.
Emphysema: A condition of the lungs in which there is an abnormal enlargement of air spaces distal to the terminal bronchioles with breaking-down of alveolar walls. Table I The diagnosis of those classed as 'respiratory cripples' (I) Asthma
(2) Bronchitis Air-flow obstruction (3) Emphysema (4) Chest wall deformities (5) Lung fibrosis Any one patient may have air-flow obstruction from any one, or any combination, of these three conditions. The aneesthetist, when assessing a 'respiratory cripple' for anaesthesia, should first diagnose the presence of air-flow obstruction and then try and assign a cause or causes for it. Each of these three conditions causes the obstruction by a different mechanism so that each creates a different problem in aneesthesia. It is convenient to classify these three common causes of air-flow obstruction as in Table 2 . Many people recognize as 'asthma' only the obvious paroxysmal variety, but the more or less continuous wheeze (or nonparoxysmal asthma), which many bronchitic patients have, or young asthmatics may have between attacks, or patients with pneumoconiosis often have, is just as real but often neglected.
Bronchitis can be acute or chronic. If chronic there is the important distinction between the simple excess of phlegm ('just a smoker's cough!') and the infected variety.
Finally, there are two main types of emphysema which are pathologically distinct entities but may occur together in any one patient: the centrilobular variety which seems to arise secondary to bronchitis and the pan-acinar variety for which there is no cause known.
Change in Lung Function
How do each of these three conditions, asthma, bronchitis, and emphysema, alter lung function? This is obviously an enormous subject but, from the anesthetic standpoint, I think some fairly simple concepts can be helpful. We must consider both the ventilation and gas-exchange of the lungs.
Ventilation: In all three conditions the obstruction to ventilation will be more pronounced in expiration because of the normal narrowing of the bronchial tree in that phase of the respiratory cycle. However, in the case of both asthma and bronchitis there is a general reduction of airways calibre in both phases, so that inspiration is affected to some extent. By contrast, in emphysema there is no obstruction to inspiration at all, simply gross obstruction to expiration from collapse of airways, due to loss of natural relaxation pressure of the lung and an increased transmural pressure when expiratory muscles are used to assist. It is this bronchial collapse which causes air-trapping. This last variety of air-flow obstruction is 'fixed', whereas that of asthma and bronchitis can be alleviated by drugs and other treatment. Both types may be present in one patient and the anesthetist should try to discover what he is faced with before giving the anesthetic, as described later.
Clinically, by listening with a stethoscope over the trachea, the truly prolonged expiration characteristic of air-flow obstruction can be heard, as opposed to what is often called 'prolonged expiration', heard from auscultation over the lungs, which is really the increased conduction of sound into the late phase of expiration heard in bronchial breathing, as over consolidation, a cavity, &c. True prolonged expiration, heard over the trachea, may or may not be accompanied by the characteristic wheeze of 'continuous' asthma.
Gas exchange: It is important to appreciate the different individual effects of asthma, bronchitis and emphysema on gas exchange. This helps in being critical in diagnosis and management of such patients during anesthesia.
In general, asthma itself seems to have little effect on the arterial blood gases until it becomes severe, when it causes overall alveolar hypoventilation of the lungs with a corresponding rise in carbon dioxide and fall in oxygen tension. Once this happens, in status asthmaticus, the patient is in urgent need of assisted ventilation.
Chronic bronchitis is the main cause of disordered gas exchange since it causes gross imbalance of ventilation and blood flow in different parts of the lung. It is this chronic bronchitis, sometimes associated with centri-lobular emphysema, which is the commonest cause of cyanosis because most of these patients have altered ventilation-perfusion ratios in different parts of the lung; this creates hypoxemia out of all proportion to carbon dioxide retentionunless, of course, they are given oxygen therapeutically when the generalized hypoventilation then induced may cause a gross rise in arterial carbon dioxide pressure.
It is important for the anasthetist to realize that it is the chronic bronchitis itself, rather than any associated emphysema, which is responsible for this disordered gas exchange, that such patients are liable to carbon dioxide poisoning if their hypoxia is removed without giving them adequate ventilation, and that the combination of hypoxia and hypercapnia in chronic bronchitis seems to be associated with a reactive pulmonary vasoconstriction leading to 'cor pulmonale'. In other words, right-sided heart failure of pulmonary origin is heart failure secondary to 'lung failure' in gas exchange (apart from when it occurs in conditions like packed pulmonary emboli) and it is chronic bronchitis not emphysema which is the main factor in precipitating this. Emphysema itself, especially pure pan-acinar emphysema not associated with bronchitis, causes little alteration of arterial blood gases. It is a disease in which alveoli are destroyed totally so that there is negligible ventilation or perfusion in the parts of the lung affected. Alveolar surface is reduced and patients are grossly breathless on exertion but at rest their arterial blood-gas tensions are normal. There is, in other words, much to be said for the old tension in 4 patients (E) with pure advanced emphysema clinically and radiologically (and no evidence of bronchitis), in S patients (BE) with radiological emphysema and bronchitis clinically, and in 7 patients with severe chronic bronchitis (B) but no radiological emphysema retention of associated heart failure as 'blue bloaters', as opposed to those with emphysema only as 'pink puffers'. But one must not forget that emphysema does affect the mechanics of the lung, readily causing air-trapping in expiration from gross expiratory 'collapse' or narrowing of airways. These effects of chronic bronchitis and of emphysema have been reviewed by Fletcher et al. (1963) : a relevant figure prepared during this work is shown in Fig 1. 
Recognition and Assessment ofthe Functional Lesion
When an anesthetist is called to see a 'respiratory cripple' before operation what can he easily do to size up the problem?
He should be as precise as possible in diagnosis and not loosely label a patient as having 'bronchitis and emphysema' unless he has evidence of the presence of these entities. In other words it is better to diagnose the presence of 'air-flow obstruction' and then try to assign its cause to the presence or absence of asthma, bronchitis and emphysema individually, just as a cardiologist will diagnose 'heart failure' as a functional entity and then its cause or causes. How does he do it?
Here are some suggestions:
History: Is there a story of excess sputum, is it often yellow and infected? Does he smoke cigarettes? Does he wheeze? What clinically is his grade of dyspncea on exertion?
Examination: What does the sputum pot reveal? What can be heard from tracheal as well as lung auscultation? What is the pattern of breathing, the rate and the phases of the respiratory cycle? Does he show air-trapping on forced expiration? What is his forced expiration time as a guide to the FEV1, if this cannot be measured (Lal et al. 1964 )? Does he show signs of CO2 retentiontwitching of muscles, dilated veins in eye fundi and peripherally? Any cyanosis ? Any clinical signs of true emphysema such as diminished cardiac and liver dullness, faint heart sounds and faint breath sounds? X-rays: Do these show the radiological signs of emphysema (flattened diaphragms, attenuation of peripheral vascular pattern, areas of increased transradiancy and so on)? Whole lung tomographs can be helpful.
Functional tests: (a) What is the FEV1 tracing like? Does his FEV1 relative to the vital capacity confirm air-flow obstruction? All this can be measured in two minutes with a dry portable spirometer and is essential for accurate appraisal.
(b) Is his mixed venous Pco2 raised as measured by the rebreathing technique (Campbell & Howell 1960 )?
All the above takes only about ten minutes, but at the end of it the anesthetist can form a fairly accurate assessment of the problem.
Management
Now may I be presumptuous, never having anesthetized a respiratory cripple in my life, and tell you how I think you should do your job?
Preventive treatment is, I think, most important but is often neglected. It really does pay to stop the chronic bronchitic patient cigarette smoking, give him antibiotics (if necessary, chloramphenicol) and give him postuial drainage for the few days prior to operation. It may turn an anesthetic problem from a severe risk to no problem at all! Also, if he has signs of 'continuous asthma', as so many chronic bronchitis patients have, he should be given a bronchodilator aerosolbut with proper instruction and demonstration of its use.
The question as to what sort of anesthetic should be used is obviously related to the operation proposed and can be considered in relation, first, to the commonest problem of abdominal surgery and then to the other problem of thoracic surgery.
Abdominal surgery: The first decision is whether the patient is to be 'out' by general anesthesia and then, if so, if he is to breathe spontaneously or to be artificially ventilated? In practice there is little scope for local anesthesia, with or without a spinal. In this country most patients will have a general anesthetic. Nowadays, with the modern powerful armsthetic agents and relaxants, there is little to commend a spinal.
What about spontaneous as opposed to assisted breathing? Some anesthetists fear that if they assist they may wash out CO2 and so delay the onset of subsequent breathing. It has been argued that one reason for measuring the preoperative PV,., is that its level can be reestablished after operation. One might feel that this is logical, since a respiratory centre insensitive to CO2 is well known. However, experiments by Utting & Gray (1962) suggest that the problem is not serious. They anesthetized some patients with nitrous oxide and oxygen and maintained hyperventilation using muscle relaxation from d-tubocurarine. On stopping the anesthetic gas, spontaneous breathing restarted when patients still had a definite respiratory alkalosis (see Table 3 Values for the arterial Pco, at the start of breathing after anesthesia in 8 patients who had a raised tension initialy (Reproduced from Utting & Gray, 1962, by kind permission) Pco2 values (mmHg) Pre-operative respiration respiration  55  34  50  53  31  54  55  33  53  58  40  58  53  20  48  48  32  39  55  38  53  56 49 ? Table 3 ). They recommend washing out CO2 in such patients, especially as bradycardia and arrhythmia from neostigmine reversal of relaxants is more liable to occur in the presence of respiratory acidosis. One danger with bronchitic patients spontaneously breathing is, in fact, a rise in CO2 from their being given oxygen 'so that assisted ventilation has much to recommend it.
Initiation of Normal
The real difficulty with assistance is the possibility of a steady fall of blood pressure because of delayed time for cardiac filling with a positive pressure machine. Too rapid cycling of such ventilators is a very real danger. The paper by Howells (1963) goes into this problem well. It would seem in some patients who really do have emphysema that a limited negative phase late in the respiratory cycle is logical.
Thoracic operations: Here the anwsthetist has his greatest challenge from the respiratory cripple. It is essential to measure the FEV1 in these cases where useful lung is to be removed (e.g. for carcinoma), lest the patient be left with inadequate ventilatory reserve. In all respiratory patients, especially those going to have bulls removed or 'cobbled', it seems to be good practice to leave them breathing spontaneously till the chest be opened and then to ventilate them artificially when the effects on the bullee can be seen. There is otherwise the real danger of over-inflation.
After-care cannot be overstressed. They should be returned to the ward on the ventilator with an effort made to cycle them by the machine at the same rate and phase relationship as they were observed to use themselves prior to surgery. I should like to draw an analogy between the patient undergoing a thoracotomy with one-lung anesthesia and the respiratory cripple:
(1) The area of lung available for respiratory exchange is greatly reduced by the isolation of the diseased lung.
(2) The use of IPPR involves inequalities of ventilation and perfusion in the lung that is being ventilated.
(3) Any persistence of the pulmonary circulation through the isolated lung leads to shunting of venous blood to the left side of the heart. The ill effects of this shunt are clinically obvious when, from errors in technique, the isolated lung is not allowed to collapse; recent papers have suggested that significant shunting persists even when the use of a double lumen tube has permitted free collapse of the isolated lung.
These are three of the great handicaps endured by the respiratory cripple and I think that methods which serve to bring these patients through major surgical procedures in very good condition may have an application in the management of anesthesia for the respiratory cripple.
The anmesthetist may meet the respiratory cripple in three circumstances:
(1) In acute respiratory failure, when he may be asked to provide technical help by intubating the patient, aspirating secretions and managing the IPPR.
(2) Some may come for surgical treatment of their disability. In these, although the immediate problem of inducing and maintaining anesthesia may be severe, there will be an improvement in the patients' capabilities after successful surgery.
(3) Others come for the treatment of some unrelated condition. The lung disease is an extra handicap which will continue into the postoperative phase, when these patients present the greatest challenge to our skill, for it is generally accepted that this is a time of poor respiratory function. Pain limits respiratory movement and inhibits necessary coughing, analgesics depress the respiratory centre, inequalities of ventilation and perfusion persist, leading to sub-oxygenation and the retention of carbon dioxide. There may be an increase in the amount of viscosity of bronchial secretions which, although tolerated by the healthy patient, may throw the respiratory cripple into failure.
In thoracic surgery the anesthetist is protected to a great extent by a filter system of prior consultation. If one can accept as a rough guide the
